Objectives: The present study aims to investigate biochemical, virological and histological characteristics of hepatitis delta virus infection, which is a serious problem in our region, as well as its relationship with chronic hepatitis B virus (HBV) infection and cirrhosis. Materials and Methods: A total of 220 patients were included in the study. The patients were divided into three groups: group 1 included patients with hepatitis delta virus-related cirrhosis (DA cirrhosis), group 2 consisted of patients with chronic delta hepatitis (CHD) and group 3 composed of patients with chronic hepatitis B (CHB). Biochemical and virological parameters of the patients were analyzed. Patients with CHB and CHD underwent biopsy for histological examination. The results were compared among the three groups. Results: Seventy-five (34.09%) of the patients were women, 145 (65.90%) were males and their mean age was 38.04 years. There were 44 patients (20%) with delta hepatitis-associated cirrhosis, 86 patients with CHD (39.09%) and 90 patients with CHD (40.9%). HBV DNA level was significantly lower in patients with cirrhosis and chronic delta hepatitis than in patients with CHB (p<0.001) (p<0.001). Histology activity score and fibrosis stage were significantly higher in CHD than in CHB (p<0.001) (p<0.001). A significant correlation was determined between fibrosis stage and hepatitis delta virus RNA in CHD patients. There was also a significant correlation between necroinflammatory score and alanine aminotransferase in CHD (p=0.021). Conclusion: In Turkey, the age of onset of delta hepatitis is low and accordingly, related liver cirrhosis develops at a younger age. HBV DNA levels appear to be suppressed in patients with delta hepatitis as compared to patients with CHB. Histologically severe disease picture is seen in patients with delta hepatitis and delta hepatitispositive cirrhotic patients.
Introduction
Hepatitis delta virus (HDV) is a defective RNA virus. HDV causes co-infection and super infection by using hepatitis B virus (HBV) surface antigen (HBsAg). Today, HDV infection remains a serious health problem particularly in endemic regions (1) . There are more than 240 million chronic carriers of HBV, and approximately 15 million of them have serological evidence of exposure to HDV, worldwide (2, 3, 4) .
The prevalence of HDV infection in Europe has changed with the control of HBV infection achieved in the last 20 years (5) . The current prevalence of HDV infection among HBsAg carriers is approximately 10% in Italy (6) and 11% in Turkey (7) . In Turkey, HDV strains exhibit wide genetic diversity reflecting an ancient evolution and/or successive outbreaks (8) . However, HDV still accounts for almost one half of overall cases of liver cirrhosis and hepatocellular carcinoma in southeastern Turkey (9) .
Chronic HBV and HDV infections have wide range of clinical manifestations from the state of asymptomatic carrier to chronic active hepatitis, liver cirrhosis and hepatocellular carcinoma. However, underlying mechanisms of such clinical variety have not been fully defined yet (1) . In the present study, we aimed to investigate biochemical, virological and histological parameters in HDV infection, which is a serious problem in our region, and to investigate its relationship with HBV and HDV viral loads. Within this context, our aim is to designate characteristic features of HDV and it will contribute to determining the follow-up, treatment and natural course of the disease.
Materials and Methods
The study included a total of 220 patients [75 (34.09%) females and 145 (65.90%) males] aged between 15 and 70 years, who were admitted to the gastroenterology and hepatology inpatient or outpatient clinics at Dicle University Faculty of Medicine Gastroenterology and Hepatology Department and fulfilled the inclusion criteria. Physical examination findings, results of laboratory tests for biochemical, hematological and virological parameters and HBV and HDV markers, and epidemiologic history of all patients were recorded.
Study Groups and Definition
Patients were grouped into three groups: HDV-related cirrhosis (DA cirrhosis). Chronic hepatitis delta (CHD) without cirrhosis. Chronic hepatitis B (CHB) (without hepatitis D). HBsAg-positive and anti-HBs-negative patients, who had undulating alanine aminotransferase (ALT) concentrations for at least 6 months were defined as CHB patients. Liver biopsy was performed in 45 patients in CHD and in 77 patients in CHB. Histopathological findings were recorded.
The present study was retrospective.
Eligibility Criteria
Treatment-naive patients or patients who did not receive treatment for at least six months were included in the study.
The diagnosis of liver cirrhosis was established based on laboratory, histological analysis or abdominal ultrasonography findings which demonstrated hepatic surface irregularity, caudate lobe hypertrophy, splenomegaly and injury to the hepatic parenchyma, and on the presence of esophageal varices confirmed by endoscopy. The group with active CHD consisted of patients with positive HBsAg and anti-delta antibody and negative anti-HBs for at least six months, with ALT/aspartate aminotransferase (AST) levels higher than 1.5 times the upper limit of normal, and moderate-to-severe active hepatitis shown by liver biopsy.
Exclusion Criteria
Patients with an accompanying infection with hepatitis C virus (HCV), non-hepatotropic viruses such as human immunodeficiency virus, herpes simplex virus, cytomegalovirus and Epstein-Barr virus, patients with heavy alcohol consumption (more than 8 drinks per week), those using drugs (that may induce hepatitis) and herbal medicines, and patients having autoimmune hepatitis, hepatic ischemia and pregnancy-related liver disease were excluded from the study.
Biochemical and Hematological Markers
Biochemical [albumin, globulin, lactic dehydrogenase, total bilirubin, ALT, AST, creatinine, glucose, alkalen phosphatase (ALP), gama glutamyltranspeptidase and alpha-fetoprotein (AFP)] and hematological (ferritin, serum iron, serum iron binding capacity, leukocyte, hemoglobin, platelet, and prothrombin time) parameters were analyzed in all patients. Biochemical parameters were analyzed using an Architect C16000 device and complete blood count was analyzed using an Abbott CELL-DYN 3700 device.
Serological and Virological Testing
The serological markers of HBsAg, anti-HBs, hepatitis B e (HBe) antigen and anti-HBe were tested by macro-ELISA method, whereas anti-delta immunoglobulin (Ig) M and anti-delta IgG were tested by micro-ELISA method. HDV RNA level was analyzed by real time reverse transcriptase polymerase chain reaction (PCR) (ABI-PRISM/7700 Sequence Detector, AJ RoboscreenGmBH, Germany) method, whereas HBV DNA was analyzed by COBAS Ampli Prep/CobasTaq Man HBV test (ROCHE, USA).
Liver Biopsy
Liver biopsy was planned for histological examination in patients with CHB and CHD. Fine needle biopsy was performed using the Menghini technique under the guidance of ultrasonography. All biopsies were stained with hematoxylin-eosin for grading necroinflammation and reticulin for the assessment of fibrosis. Biopsy materials were blindly evaluated by a single pathologist. Histologic scoring was done using the Ishak-modified histology activity index (10) . Fibrosis was assessed according to Ishak fibrosis score. The Ishak system has more stages of fibrosis (0-6) when compared to other systems (11) . Because of having the ability to differentiate milder changes in fibrosis more clearly, the Ishak staging system has been widely used in clinical trials (12) .
Statistical Analysis
Statistical analysis was done by 'SPSS 16.0 for Windows' package program. The results were presented as mean ± standard deviation. Pearson's or Spearman's correlation coefficient was used to analyze correlations. A p value of less than 0.05 was considered statistically significant. Hepatitis Delta Virus Infection in Southeastern Turkey
Results

Clinical and Demographic Data (Table 1)
A total of 220 patients with a mean age of 38.04 years, of whom 75 (34.09%) were female and 145 (65.90%) were male, participated in the study. In patients with DA cirrhosis; 16 (36.36%) of 44 patients were female and 28 (63.64%) were male with a mean age of 44.37±12.42 years. In patients with CHD; 31 (36.04%) of 86 patients were female and 55 (63.96%) were male with a mean age of 37.92 years. In patients with CHB; 28 (31.1%) of 90 patients were female and 62 (68.9%) were male with a mean age of 35.06 years. Demographic, biochemical and serological characteristics of these groups are shown in Table 1 .
The mean age of the patients in DA cirrhosis was significantly higher than in CHD (p=0.006) and CHB (p<0.001).
Biochemical and Hematological Data
Analysis of biochemical and hematological data are shown in Table 1 . ALP levels in DA cirrhosis were significantly higher than in CHB (p<0.001). ALP levels in CHD were significantly higher than in CHB (p=0.001). Serum albumin levels in DA cirrhosis patients were significantly lower than in CHD and CHB patients. Globulin levels in DA cirrhosis were significantly higher than in CHD (p<0.001). Globulin levels in DA cirrhosis was also significantly higher than in CHB (p<0.001). Ferritin levels in DA cirrhosis were found to be significantly higher than in CHD (p=0.032) and CHB (p=0.010); whereas, no significant difference was found when CHD was compared with CHB (p=0.848). AFP levels in DA cirrhosis were significantly higher than in CHD (p=0.029) and CHB (p<0.001); whereas, no significant difference was found between CHD and CHB (p=0.270). Distribution of demographic, biochemical, hematological and virological characteristics of study participants among groups are shown in Table 1 .
Serological Data
HBV DNA levels in DA cirrhosis group were significantly lower than in CHB group (p<0.001). HDV RNA levels were found to be 4.35±1.41 (Log 10 ) copies/mL in patients with DA cirrhosis and 4.69±1.63 (Log 10 ) copies/mL in patients with CHD. No significant difference was found between these two groups in terms of HDV RNA levels (p=0.335). Virological characteristics of study participants are shown in Table 1 .
Histological Data
Based on the liver biopsy findings of the study participants, the mean histological activity score (necroinflammation), which was calculated according to Ishak's scoring system, was 9.30±2.89 in CHD and 5.95±2.82 in CHB. It was significantly higher in CHD than in CHB (p<0.001). Comparing the fibrosis stage between CHD and CHB, CHD patients had higher fibrosis stage than CHB patients (p<0.001). Histopathological findings of the study participants are shown in Table 1 .
Correlation Analysis
A significant correlation was found between fibrosis stage and HDV RNA levels (r=0.572, p=0.002) ( Figure 1 ). No significant correlation was found between HDV RNA and ALT and AST levels (p=0.743 and p=0.347, respectively).
A significant correlation was found between necroinflammation score and ALT in CHD (r=0.350, p=0.021). The results of correlation analysis in CHD group are shown in Table 2 .
HBV DNA levels were significantly correlated with both ALT (r=0417, p<0.001) ( Figure 2 ) and AST levels (r=0.344, p=0.001) ( Figure 3 ) in CHB group. HBV DNA levels were not correlated with necroinflammation scores (r=0.139, p=0.237) and fibrosis stage (r=0.141, p=0.231) in CHB. ALT levels were significantly correlated with necroinflammation score (r=0.290, p=0.010); however, no significant correlation was found between ALT levels and fibrosis stage (r=0.191, p=0.096). While AST levels were correlated with necroinflammation score (r=0.385, p=0.001); it was not correlated with fibrosis stage (r=0.193, p=0.092). The results of correlation analysis in CHB are shown in Table 3 .
Discussion
HDV is a defective RNA virus and causes infection using HBsAg. There have been a limited number of studies investigating factors playing a role in clinical manifestations and events observed during natural history of the disease in patients with CHD and the dominant virus in the progression of disease. In the present study, we aimed to investigate clinical, virological and histological characteristics of patients with CHD and with HDV-positive cirrhosis and to compare with those in patients with CHB.
In their study including 48 HBsAg-and anti HDV-positive patients, Yamashiro et al. (13) reported that the mean age of cirrhotic patients (65.9±9.3 years) was higher than that of asymptomatic patients (61.8±16.4 years) and patients with CHD (54.2±12.0 years) (p<0.05 and p<0.05, respectively). Wu et al. (14) reported in their study including 185 patients that the mean age was 43±16 years in patients with CHD and 54±10 years in cirrhotic patients. In our study the mean age of patients in DA cirrhosis, CHD and CHB was 44.37±12.42 years, 37.92±12.07 years and 35.06±9.53 years, respectively. Cirrhotic patients were older than non-cirrhotic subjects (p<0.01), consistent with previous studies. On the other hand, we have found that the mean age of patients with DA cirrhosis was lower than reported in previous studies. This difference arises from the presence of higher number of new cases among study participants and indicates perinatal transmission of both viruses HBV and HDV. Therefore, it indicates the importance of vaccination against HBV in eradication of delta hepatitis. Yamashiro et al. (13) reported that there was no statistically significant difference in mean ALT levels between patients with CHD and those with cirrhosis (130.7±214.1 and 84.4±65.3, respectively) but asymptomatic patients had significantly lower ALT levels as compared to CHD group (p<0.05) and cirrhosis group (p<0.05). Wu et al. (14) reported higher ALT levels than in our study. In our study, AST level was found to be significantly higher in DA cirrhotic patients as compared to the group with CHB (p=0.009). We also found that the albumin level was significantly lower in DA cirrhosis as compared to non-cirrhotic patients (p<0.001). No significant difference was found between patients with CHD and CHB (p=0.321). This result supports the previous study of Yamashiro et al. (13) because in that study, albumin level was not found to be statistically significantly different between cirrhosis (4.4±0.8), CHD (4.5±0.5) and asymptomatic (4.5±0.5) patient groups. In the present study, platelet count was found to be significantly lower in cirrhotic patients as compared to that in patients with CHD and patients with CHB infection (p<0.001, p<0.001). Platelet count was significantly lower in the CHD as compared to the CHB patients (p<0.001). These results appear to support the results of a similar study existing in the literature (13) .
In the present study, there was no statistically significant difference in HBV DNA level between patients of DA cirrhosis (3.42±1.05 Log 10 copies/mL) and CHD (3.84±1.09 Log 10 copies/ mL) (p=0.466). However, HBV DNA levels in DA cirrhosis patients were significantly lower as compared to patients with CHB (5.31±1.70) (p<0.001). Likewise, HBV DNA levels in patients with CHD were found to be significantly lower as compared to that in patients with CHB infection (p<0.001). HDV RNA level was not significantly different between patients with DA cirrhosis and patients with CHD (p=0.335). Yamashiro et al. (13) found no difference between the patient groups (asymptomatic, chronic hepatitis and cirrhosis) in terms of HBV DNA levels. Wu et al. (14) found that HDV RNA level was the highest in patients with acute hepatitis (98%), whereas it was found at decreasing concentrations (74%, 74%, 63%) in patients with chronic hepatitis, cirrhosis and hepatocellular carcinoma, respectively (p=0.002). HBV DNA level was the lowest in patients with acute hepatitis (61%) as compared to the other groups (66%, 70%, 80%) (p=0.002), and consequently, they concluded that HDV was more dominant in the progression of disease (14) . The results of our study revealed that HBV DNA levels were not statistically different between DA cirrhosis patients and patients with CHD. This result is similar to the result of the study conducted by Yamashiro et al. (13) . However, HBV DNA levels in both groups were significantly lower than that in patients with chronic HBV infection. This outcome indicates not only suppressive character of HDV on HBV, but also supports the hypothesis that delta hepatitis is the primary agent responsible for progression of the disease (14) .
In the present study, a correlation was found between serum HDV RNA and fibrosis stage. The findings indicated that HDV RNA positively correlated with necroinflammatory activity as well. It was also revealed that HDV RNA positively correlated with ALT level in CHD patients. In a study conducted by Braga et al. (15) , mean HDV-RNA showed positive correlation with inflammatory activity and fibrosis stage. HDV viral load was correlated positively with serum levels of liver enzymes and inversely with platelet count. HBV viral load showed no correlation with any of the above-mentioned parameters. As a consequence, HDV may possibly play an important and direct role in the development of necroinflammatory activity and fibrosis. The results of our study confirm the findings in the study conducted by Braga et al. (15) .
Higher necroinflammation score and advanced stage of fibrosis and accordingly more severe disease were observed in patients with CHD (9.30±2.89) than in patients with CHB (5.95±2.82) (p=0.001). In a study from Turkey conducted by Albayrak et al. (16) , 12 patients with CHD underwent biopsy and the mean fibrosis stage was found to be 1.91±1.22 and mean necroinflammation score was found to be 8.92±1.83. While necroinflammation score was similar with that in our study, fibrosis stage was lower than in our study.
Conclusion
Our study revealed that age of onset of hepatitis and, accordingly, age of onset of related liver cirrhosis are lower in Turkey. ALT levels are not different between patients with CHD, DA cirrhosis and CHB. HBV DNA appears to be suppressed in patients with delta hepatitis as compared to patients with CHB. Histologically more severe findings were observed in patients with CHD and in HDV-positive cirrhotic patients. These results support the hypothesis that delta hepatitis together with hepatitis B plays a role as the dominant factor and accelerates disease progression.
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